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Abstract
This is a report of the progress in the design for a 4-MW
Muon Collider or a Neutrino factory target station. A sig-
niﬁcant step for engineering purposes in the station conﬁg-
uration is removing the resistive coils. Necessary modiﬁ-
cations in othercomponentshavebeen also introduced. We
present deposited power simulations results for the case of
the latest geometry with and without resistive coils.
INTRODUCTION
So far the high power target station for a Muon Collider
or a Neutrino Factory requires an array of cryogenically
cooled superconducting coils (SC) and water cooled resis-
tive magnets(RS) thatwill createa magneticﬁeld of ∼20T
within the target region. About 5 T are delivered by the re-
sistive coils. The ﬁeld within 15 m will gradually decrease
to ∼1.5 T [1]. The magnetic ﬁeld will capture and channel
downstream the pions produced from the interaction of the
protonbeamwiththeliquidHgtarget-jet. Subsequentlythe
muons, produced by the pion decay, will be captured and
stored in the ring either for µ+µ− collisions or for intense
neutrino beams.
Most of the 4 MW powerof the proton beam will end up
in the target station, some will be channeled downstream,
carried by charged particles. It is imperative to design a
shielding conﬁguration that will optimize the protection of
the superconducting coils from the damaging effects of ra-
diation and at the same time satisfy engineering require-
ments for the different operations in the station.
The limit of 0.15 mW/g for the deposited power density
in the superconducting coils from the ITER(International
ThermonuclearExperimental Reactor) studies [2] was also
adopted for the coils in the target station to ensure at least
∼10-yrs operational lifetime. A geometry with 120 cm in-
ner radius for the coils in the target region is considered
as the baseline for the station [3] . We report progress in
optimizing and reﬁning that geometry.
IDS120j GEOMETRY DESCRIPTION
The latest IDS120j target station geometry (see left
Fig. 1 ) has 12 cable-in-conduitconductorsuperconducting
coils (Nb3Sn or NbTi) and ﬁve copper hollow conductor
resistive magnets. Later the resistive coils removed from
the station conﬁguration to create more space for shield-
ing and other components (see right Fig. 1). There are four
cryostats with three superconducting coils in each. The in-
ner radius of the coils in the cryostats is 120-90-70-50cm.
There are large gaps between the last coil of the upstream
cryostat and the ﬁrst coil in the following cryostat to ac-
commodate the cooling components of the two cryostats.
They also provide space for the Be window cooling com-
ponents in the ﬁrst gap, and beam pipe and shielding cool-
ing componentsin all three gaps. The gap size between the
coils is 137 cm, 95 cm and 71 cm; larger coils need larger
gaps. To maintainsmoothvariationoftheon-axismagnetic
ﬁeld, coils that ﬂank each gap are of large radial depth.
Stainless steel shielding vessels have been introduced with
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Figure 1: yz plane cross sectionforIDS120jgeometrywith
(left) and without (right) resistive coils. 20 cm gaps have
been created in the shielding of neighboring cryostats.
various wall thickness. Analysis by ﬁnite element methods
ensured that all stresses and vessels deformationswould be
within acceptable engineering limits [4],[5] .
The Hg pool vessel was simpliﬁed to a cylindrical stain-
less steel shell with ∼50.0 cm radius, to accommodatevar-
ious mechanical operations. Shielding was introduced to
the volume not occupiedby Hg after removingthe resistive
coils, and a double Hg pool vessel and Be window intro-
duced in the design. The pool extends all the way to the
end of the ﬁrst cryostat. The Be window, originally located6 m downstream the station, is now at ∼3.8 m, the ﬁrst
cryostat having been shortened to reduce its deformation.
The ﬁnal details in the design of the module that will
include Hg jet nozzle, Be window, shielding, Hg pool and
its draining system are yet to be determined. Due to the
required precision in placing these components, and their
location, this is the most complicated part in the design for
the station.
IDS120j GEOMETRY: POWER
DEPOSITION STUDIES
The latest version of MARS code (MARS1510) [6] uti-
lizing MCNP cross sections libraries [7], for proper han-
dling of low energy neutrons (less than ∼5 MeV) is used
for the power deposition (DP) simulations in the station.
The simulations are for 8 GeV proton beam. The beam
protons have a Gaussian distribution with σx = σy = 0.12
cm, and interact with a 20 m/s, 0.4 cm radius Hg jet. The
liquid Hg jet has the advantage of replacing the target for
every pulse. The proton beam and Hg jet parameters (Hg
jet radius, beam angle, jet/beam crossing angle) have been
optimizedformaximummesonyield[8]. Theoriginal60%
WC water cooled shielding was replaced with the more ef-
ﬁcient andeffective60%W He cooledshielding. The qual-
ity of the W beads to be used in the shielding determines
also its effectiveness for radiation shielding.
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Figure 2: yz projection of azimuthally average deposited
power histogram for IDS120j geometry with (left) and
without (right) resistive coils.
The DP histogram for the two cases with 20 cm gaps
and for lowest grade W beads (15.8 g/cc), appears in Fig. 2
while details for the DP distribution in the station are in
Table 1.
From the table one can see the total DP in the SC coils
without resistive coils is less than 1 kW. It is also important
to notice that in both cases the DP in the ﬁrst coil, being the
largest one in the conﬁguration, is about half of the power
deposited in all SC coils.
Another signiﬁcant result from the details of the DP dis-
tribution is that about 1.6 MW( ∼40% of the 4 MW) power
will end up in the shielding material and beam pipe in the
target region. It becomes obvious therefore whatever per-
turbations made there will have relatively large impact in
Table 1: IDS120jdepositedpower(DP)in kWin supercon-
ducting coils (SC), shielding areas (SH), resistive magnets
(RS), beam pipe (BP), shielding vessels (SHVS), Hg pool
vessel (POOL VES.), Hg target, Hg pool and Be window.
COMPONENT RS NO RS
SC 1.3 0.79
SH 1443.66 1519.20
RS 310.70 —-
BP 413.62 724.34
SHVS 280.53 19.25
Hg TARG. 400.40 396.40
Hg POOL 435.62 443.89
POOL VES. 15.36 6.45
Be WIND. 5.95 7.57
TOTAL 3307.16 3118.95
the DP distribution. Removing the heat load from these
areas is a challenging task.
The Be window, being now closer to the target region,
will be receiving about 6-7 kW The ﬁnal thickness of the
walls in the pool will be determined by stress forces anal-
ysis and the distance between the walls in the pool and the
Be window from DP analysis.
DEPOSITED POWER DENSITY
AZIMUTHAL DISTRIBUTION
So far the total power and the azimuthally average DP
density has been used to optimize the design of the station.
On the other hand, due to the azimuthal asymmetry of the
interaction of the beam with the Hg target and in the de-
sign of the station, one should expect important azimuthal
ﬂuctuations in the DP, especially for components closer to
the target region. It is desirable therefore, for certain cases,
to extract detailed information about the DP azimuthal dis-
tribution. For that purpose we implement a segmentation
scheme in the volumes of interest.
Segmentation plots of the coil after the ﬁrst gap (SC#4)
appear in Fig. 3. The bin size along the r-z-φ directions
is 14.4 cm, 21.31 cm and 30o correspondingly; overall the
coil is segmented into 48 pieces. The bin size will limit
statistical uncertainty and at the same time capture the DP
ﬂuctuations at these scales.
The analysis was performed to ensure there are no areas
in the coil with DP density over the limit recommended by
ITER. Some analysis was performed for the third and sev-
enth coil in the station for the two different W beads den-
sities and for varying gaps size in the station with resistive
coils. For IDS120j with resistive coils and lowest density
W beads it was found, for gaps over 20 cm, there are areas
in SC#4 with power densities close to the ITER limit.
Fig. 4 presents the azimuthal DP distributionforthe four
radii in SC#4, with and without resistive magnets.-200
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Figure 3: yz (left) and yx (right) cross sections of the sta-
tion with details of the SC#4 segmentation.
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Figure 4: Deposited power azimuthal distribution for the
four radii in coil SC#4 with and without resistive magnets.
The coordinates are for the center of each piece in the coil.
This plot shows that peak power densities are in the up-
per half of the coil towards the negative x direction (posi-
tive x direction in yz cross section plot in Fig. 3 is into the
page) forthe case of resistive coils and without shielding in
the Hg poolvessel. The introductionof shieldingin therest
of the volume in the Hg vessel signiﬁcantly decreases the
deposited power there and only a week spike can be seen
in the lower half of the coil because of the Hg content.
The segmentationmethodcanbe used, as a morereliable
approachoverthe volumedetectorsmethod,to estimate the
peak power density in other components in the target sta-
tion, like the beam pipe and shielding in the target region
and the Be window [9]. This information can be used to
estimate the He gas ﬂow for cooling these components in
the station ([10]-[14]) .
CONCLUSIONS
The design of the IDS120 baseline geometry for the
MC/NF ring target station has been reﬁned, and additional
components, like the shielding vessels, have been added.
60% W/40% He has been adopted as a more efﬁcient
shielding for the SC coils. The latest SC coils conﬁgura-
tionallowsgapsbetweencryostatsforcoolingcomponents.
Deposited power azimuthal distribution analysis, was per-
formed for several coils, closest to certain cryostat gaps, to
ensure that peak power densities are below the ITER limit.
The Hg pool vessel has been redesigned and simpliﬁed to
a cylindrical shell and the geometry without resistive coils
will signiﬁcantly further improve the design of the station
for engineering purposes. The core module is the most
important, complicated and demanding component in the
station and further investigation is required to ﬁnalize its
design.
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